Introduction
============

Colorectal cancer is the 5^th^ most common cancer in morbidity and mortality in China according to Globocan 2012 [@B1], [@B2]; while approximately 40% of the patients would be diagnosed as rectal cancer. Among them 49.9% have been diagnosed as Duck B stage, 33.9% as Duck C [@B3]. Meta analysis of CONCORD-2 has been shown that the 5-year survival from colon and rectal cancers has increased steadily to 60% and higher in 22 developed countries especially for those diagnosed during 2005-09 [@B4].

Neoadjuvant chemoradiotherapy (neo-CRT) in combination with total mesorectal excision (TME) followed by adjuvant chemotherapy has been considered as the standard of care for patients with locally advanced rectal cancer. Clinical researches have been shown that the application of neo-CRT can shrink tumor, reduce local tumor recurrence, increase sphincter-perservation and further improve the prognosis and quality of life while not increase surgical complications and sequelae in this cohort of patients[@B5]; hence neo-CRT have been widely applied in the management of locally advanced rectal cancer.

It has been reported in the literature that 18.1 to 30.2 percent of patients with locally advanced rectal cancer may achieve pathologic complete response (pCR) after neo-CRT which leads to a better clinical prognosis [@B6]-[@B9]. Patients with locally advanced rectal cancer have been shown to present different treatment response to neo-CRT ranging from pCR to resistance to neo-CRT; whereas pathological TNM stage has been reported to be of prognostic significance in treatment outcomes after neo-CRT when compared to clinical TNM stage. Bujko et al. [@B10] have reported that prognostic effect of adjuvant chemotherapy in patients with ypT0-4 N0 disease after Neo-CRT and TME is not convincing, suggesting that adjuvant chemotherapy should be given individually according to pathological TNM stage. We have reported that the pCR rate was achieved in 24.8% of 210 patients who were demonstrated with better prognosis when compared with those with advanced pathologic T and N stage treated with neo-CRT and TME [@B6].

The purpose of the study was to explore clinical characteristics which could be applies to predict treatment response especially pCR to neo-CRT in patients with locally advanced rectal cancer who were treated with neo-CRT and TME.

Methods
=======

297 patients with locally advanced rectal cancer were consecutively treated with neo-CRT followed by TME with or without adjuvant chemotherapy between March 2003 and December 2012. The treatment strategies were made according to rectum cancer National Comprehensive Cancer Network (NCCN) guidelines. All patients who were pathologically diagnosed as rectal cancer were performed clinical stage examinations including physical exam, serum chemical profile including carcinoembryonic antigen (CEA), colonoscopy and two to three image studies, i.e., chest radiography, barium enema, chest/abdomen/pelvic computed tomography (CT), pelvic magnetic resonance image (MRI), intraluminal ultrasound (ERUS), positron emission computed tomography (PET/CT) and emission computed tomography (ECT) according to American Joint of Cancer Classification (AJCC) 2002 [@B11].

Preoperative radiotherapy (RT) was performed with three-dimensional conformal radiation therapy (3D-CRT) in 240 patients (80.8%) and intensity modulated radiation therapy (IMRT) in 57 patients (19.2%) with 6-8 MV X-ray. The target volume definition was followed by the recommendations of International Commission of Radiation Units report 50. The delineation of clinical target volume (CTV) included primary rectal cancer, both ends of the affected rectum, the surrounding tissues of the affected rectum, the mesorectal area, the presacral lymph nodes, the obtrurator lymph nodes, and the iliac lymph nodes. For patients with stage T4 rectal carcinoma with bladder or prostate involvement, the delineation of CTV also included external iliac lymph nodes.

The planned target volume (PTV) was designated as 5-10 mm margin from the CTV. The dose prescription was as follows: 100% of the prescription dose covered at least 95% volume of the PTV; 95% of the prescription dose covered 100% volume of the PTV. The reference point was set as the intersection of the central axes of the three or four beams for 3D-CRT or five beams for IMRT. The median radiation dose to PTV was 46.0 Gy (ranging from 30.0 to 50.0 Gy), 2 Gy per fraction, 5 fractions per week. The dose to the OARs was aimed to be as low as possible and must at least comply with the following constraints: bladder of 50 Gy in \<50 % volume; Dmean of small bowel \< 46 Gy, small bowel of 50 Gy in \<5 % volume.

Two regimens of chemotherapy were administered during radiotherapy either the FOLFOX (Fluorouracil, 3.0 g/m^2^, IV continuous infusion for 48 h on day 1; Leucovorin calcium, 200.0 mg/m^2^, IV bolus on day 1; Oxaliplatin, 100.0 mg/m^2^, IV on day 1; two cycles at an interval of 3 weeks), or the XELOX (Capecitabine, 1000.0 mg/m^2^, on d1-14; Oxaliplatin, 100.0 mg/m^2^, IV on day 1; two cycles at an interval of 3 weeks). The postoperative adjuvant chemotherapy was either one of FOLFOX, XELOX or Capecitabine alone with median cycles of 3 (range from 2 to 6 cycles).

Radical surgery was performed according to the principles of total mesorectal excision at approximately 45 days (range: 20 -142 days) after completion of neo-CRT. Postoperative pathological examination was performed according to the criteria developed by the AJCC/UICC (2002).

Treatment response including tumor regression response to neo-CRT was investigated according to the clinical characteristics including age, gender, tumor distance from anus, serum CEA, hemoglobin levels before treatment and clinical TN stage were used to investigate association with pCR after neo-CRT.

All statistical analyses were performed using SPSS v17.0 software. The receiver-operating characteristic curve (the ROC curve) was applied to obtain a boundary value of pre-serum CEA to determine the correlation to pCR. Chi-square test was utilized to analyze clinical factors associated with pCR. Logistic regression was applied to analyze clinical factors associated with pCR. Uni- and multi-variate analyses of the prognostic factors were performed using Cox proportional hazard models. p value of \<0.05 was considered to be of statistical significance.

Results
=======

Patient characteristics
-----------------------

There were totally 297 patients including 207 males (69.7%) and 90 females (30.3%) with median age of 56 years ranging from 15 to 80 years. The median CEA level was 4.5 ng/ml ranging from 0.2 to 249.6 ng/ml. The median tumor location of low-lying (distance between anal verge and lower edge of tumor) was 5 cm. Patients with clinical stage II and III were 90 (30.3%) and 207 (69.7%), respectively. The detailed patient characteristics are shown in Table [1](#T1){ref-type="table"}.

The total mesorectal excision was performed at 45 days (range: 20-142 days) after completion of neo-CRT. All patients were operated on R0 resection with Dixon procedure in 159 patients (53.5%), Miles procedure in 129 patients (43.4%) and Hartmann procedure in 9 patients (3.0%). The detailed surgical procedures are also shown in Table [1](#T1){ref-type="table"}.

Evaluation of treatment response to neo-CRT
-------------------------------------------

Postoperative pathological evaluation after neo-CRT according to TNM classification was made on the samples from total mesorectal excision. Among them, ypT0N0 (pathologic complete response, pCR) was observed in 79 patients (26.6%), while ypT1-2N0 in 57 patients (19.2%), ypT3-4N0 in 94 (31.6%) and ypT0-4N+ in 67 (22.6%) patients, respectively.

Correlation of the baseline CEA level with pCR after neo-CRT
------------------------------------------------------------

The cut-off of pre-treatment CEA level to predict pCR was 5.33 ng/ml using ROC curve calculation. Area under the ROC curve was 0.675 (0.608 to 0.742), prompted use pre-treatment CEA to predict the pCR has certain accuracy. As shown in Fig. [1](#F1){ref-type="fig"}, the probability to achieve pCR after neo-CRT for patients with baseline level of CEA \<5.33 ng/ml or ≥5.33 ng/ml was 36.5% and 13.8%, respectively, in which the difference is statistically significant.

Uni- and multi-variate logistic analyses of clinical predictors for pCR
-----------------------------------------------------------------------

Univariate analysis showed that patients with clinical T1-3 (p = 0.012) and pre-treatment CEA level less than 5.33 ng/ml (p \< 0.001) were associated with higher possibility to achieve pCR after neo-CRT (Fig. [2](#F2){ref-type="fig"}). As shown in Table [2](#T2){ref-type="table"}, gender, age, pre-treatment level of hemoglobin, distance between the anal verge and the lower tumor edge, pathological differentiation, clinical N stage, interval between completion of neo-CRT and total mesorectal excision were not associated with pCR.

As depicted in Table [3](#T3){ref-type="table"}, multivariate analyses showed that pre-treatment CEA level, clinical T1-3 were associated with pCR.

Discussion
==========

The present study has been shown that 26.6% of the patients with locally advanced rectal cancer have achieved pathologic complete response when they were treated with neo-CRT followed by TME. Pre-treatment serum CEA level and clinical T stage were strongly associated with pCR for this cohort of patients treated with neo-CRT followed by TME which could be used as clinical predictors for pCR.

Recent studies have been reported that postoperative pathological stage after neo-CRT was strongly correlated with prognosis for patients with locally advanced rectal cancer. Quah et al [@B12] have demonstrated that postoperative stage (ypT0N0, ypT1-2N0, ypT3-4N0 and ypN+) in 331 patients was significantly associated with disease free survival (p=0.003), and overall survival (p=0.000), especially for those who were achieved complete or near complete pathologic response. Park et al [@B7] have reported in a cohort of 725 patients with locally advanced rectal cancer that 5 year overall survival for those with stage ypT0N0, ypT1-2N0, and ypT3-4/N+ rectal was 93.4 %, 87.0 %, and 77.3 %, respectively (p=0.002); the 5 year DFS was 90.5 %, 78.7 %, and 58.5 %, respectively (p\<0.001).

Given that the postoperative pathological stage after neoadjuvant chemoradiotherapy was an important predictor for prognosis, postoperative adjuvant therapeutics would be recommended according to the response of rectal cancer to neo-CRT. We and other researchers [@B13]-[@B15] have demonstrated that pathological TN stage was strongly associated with treatment outcome for those who were treated with neoadjuvant chemoradiotherapy followed by total mesorectal excision, especially for those with pCR after neo-CRT could achieve a better prognosis. For example, a wait-and-see strategy could be applied in patients with stage ypT0N0 rectal cancer [@B16]; intensified adjuvant chemotherapy could be applied in patients with stage ypT3-4/N+ colorectal cancer. Whereas the ability to monitor pCR patients after neo-CRT before radical surgery would significantly impact subsequent management. Patients who would achieve pCR after neo-CRT may be recommended to have local excision or wait-and-see treatment strategy to avoid radical surgery-related sequelae and complications.

It remains controversial how to screen patients who were going to benefit from neo-CRT and achieve pCR for those with locally advanced rectal cancer. CEA is a glycoprotein secreted by colorectal cancer tissue, which have been widely detected in the origin of the germ layer within the digestive system tumors; it can also exist in normal human serum but remains at very low level. The detection of CEA has extensively been used in clinic to screen patients with colorectal cancer, monitor treatment response and predict prognosis due to its convenience, technique maturity and low cost. There have been reports on the research of relationship between the CEA level and prognosis for patients with colorectal cancer. Searcher [@B17], [@B18] reported concentrations of serum CEA was significantly related to the overall survival and recurrence rate for patients with colorectal cancer.

Das et al [@B19] have reported in 562 patients with locally advanced rectal cancer that those with the CEA ≤2.5 ng/mL was associated with higher pCR rate after neo-CRT than those with CEA \>2.5 ng/mL (24% vs 11%, p=0.015). Moureau-Zabotto and Steinhagen et al [@B20], [@B21] have made similar report with a cutoff of pre-treatment CEA level of 5 ng/ml or 2.5 ng/ml in patients with locally advanced rectal cancer patients.

The pre-treatment CEA level has been shown certain correlation with pCR, whereas there is still no suitable standard to select the cut-off level of the CEA that could be used to predict pCR to neo-CRT. The present study has applied ROC curve to screen the most optimal CEA cutoff value (5.33 ng/ml) to investigate the relationship between the pre-treament CEA level and pCR in response to neo-CRT. Our study suggested that patient with pre-treatment CEA level ≤ 5.33 ng/ml may have higher chance to achieve pCR after neo-CRT than those with pre-treatment CEA level of \>5.33 ng/ml (36.5% vs 13.8%).

Rodel et al [@B22] have reported that 4 out of 16 patient (25%) with clinical T2 rectal cancer achieved pCR after neo-CRT, while 27 out of 268 patients (10.1%) with clinical T3 disease achieved pCR and none of 27 patients with T4 disease achieved pCR. The authors have postulated that the tumor volume was related to its sensitivity to radiation and chemotherapy, and that there might exist a certain correlation between tumor volume and clinical stage. The present study has shown that patients with clinical T1-3 rectal cancer would have higher probability to achieve pCR after neo-CRT than those with T4 disease (34.4% vs 21.1%). We may hypothesize that higher T staging prior treatment meant heavier tumor burden, while the higher radiation dose or more intense chemotherapy may be needed to achieve a better curative effect.

Due to relative small sample size, we combined T1, T2 and T3 altogether to investigate the relationship between T stage and pCR to neo-CRT. Uni- and multi-variate analyses have demonstrated that clinical T stage and pre-treatment CEA leve ≤5.33 ng/ml were significantly related to pCR after neo-CRT for patients with locally advanced rectal cancer. It is important to design a prospective clinical trial to further study whether clinical T stage and pre-treatment CEA level are correlated with pCR to neo-CRT in patients with locally advanced rectal cancer.

In conclusion, our research has demonstrated that clinical stage and pre-treatment CEA level before treatment are independent predictive factors for patients with locally advanced rectal cancer to achieve pathologic complete response after neo-CRT followed by total mesorectal excision. The role of pre-treatment serum CEA level and clinical T stage to predict pathologic complete response to neo-CRT is needed for further evaluation.

This work was partly funded by National Natural Science Foundation of China (No. 81673088).

Author Contributions
====================

BW, YG designed the study. CW, WX, XL, KY, JD, ZW, XY, TZ, ZZ participated in the data collection and data analyses. HP, YG, BW wrote the manuscript. All authors read and approved the final manuscript.

pCR

:   pathologic complete response

neo-CRT

:   neoadjuvant chemoradiotherapy

TME

:   total mesorectal excision

neo-CRT

:   Neoadjuvant chemoradiotherapy

NCCN

:   National Comprehensive Cancer Network NCCN

CEA

:   carcinoembryonic antigen

CT

:   computed tomography

MRI

:   magnetic resonance image

ERUS

:   intraluminal ultrasound

PET/CT

:   positron emission computed tomography

ECT

:   emission computed tomography

AJCC

:   American Joint of Cancer Classification

RT

:   radiotherapy

IMRT

:   intensity modulated radiation therapy

CTV

:   clinical target volume

PTV

:   planned target volume.

![The correlation between pathologic complete response (pCR) and pre-CEA level determined by the ROC curve.](jcav09p2687g001){#F1}

![The relationship between the pathologic complete response (pCR) and the clinical T stage.](jcav09p2687g002){#F2}

###### 

The patient characteristics for 297 patients with locally advanced rectum cancer patients

  Clinical factors                                                                    \%
  ----------------------------------------------------------------- ----------------- ------
  Gender (number)                                                                     
  Male                                                              207               69.7
  Female                                                            90                30.3
  Median age (year, range)                                          56 (15-80)        
  Median Pre-CEA level (ng/ml, range)                               4.5 (0.2-249.6)   
  Median Pre-Hb (g/L, range)^\$^                                    130 (64-170)      
  Distance anal verge (cm, range)                                   5 (1-15)          
  Methods clinical stage (number)                                                     
  ERUS                                                              274               92.3
  CT                                                                189               63.6
  MRI                                                               87                29.3
  Clinical T (number)                                                                 
  T1                                                                4                 1.3
  T2                                                                8                 2.7
  T3                                                                110               37
  T4                                                                175               58.9
  Clinical N (number)                                                                 
  N0                                                                92                31.0
  N+                                                                205               69.0
  Histologic grade (number)                                                           
  G1                                                                21                7.1
  G2                                                                238               80.1
  G3                                                                38                12.8
  Median preoperative radiotherapy dose (Gy, range)                 46 (30-50)        
  Prechemotherapy (number)                                                            
  FOLFOX                                                            47                16.1
  XELOX                                                             229               78.4
  others                                                            16                5.5
  Interval between completion of neo-CRT and surgery (day, range)   45 (20-142)       
  Surgery (number)                                                                    
  Miles                                                             129               43.4
  Dixon                                                             159               53.5
  Hartmann                                                          9                 3
  Median lymph node from surgery (number, range)                    5 (0-27)          

\$: Pre-Hb: pre-treatment level of hemoglobin

###### 

Univariate logistic analyses of predictors for pCR

  Variable                                                     Number    pCR N (%)    p value
  ------------------------------------------------------------ --------- ------------ ---------
  Gender                                                       0.986                  
  Male                                                         207       55 (26.6)    
  Female                                                       90        24 (26.7)    
  Age^&^                                                       0.163                  
  ≤56                                                          159       37 (23.3)    
  \>56                                                         138       42 (30.4)    
  Pre-Hb^@^ (g/L)                                              0.348                  
  Anemia                                                       55        12 (21.8)    
  Normal                                                       228       64 (28.1)    
  Pre-CEA (ng/mL)                                              \<0.001                
  ≤5.33                                                        167       61 (36.5)    
  \>5.33                                                       130       18 (13.8)    
  Distance between lower border of tumor and anal verge (cm)   0.464                  
  ≤5                                                           172       43 (25.0)    
  \>5                                                          125       36 (28.8)    
  Histological grade                                           0.74                   
  G1                                                           21        5 (23.8)     
  G2                                                           238       62 (26.1)    
  G3                                                           38        12 (31.6)    
  Clinical T                                                   0.011                  
  T1-3                                                         122       42 (34.4)    
  T4                                                           175       37 (21.1)    
  Clinical N                                                   0.886                  
  N0                                                           92        23 (25.0)    
  N+                                                           205       56 (27.3)    
  Clinical stage                                               0.579                  
  II                                                           90        22 (24.4)    
  III                                                          207       57 (27.5)    
  Interval between completion neo-CRTand surgery (week)        0.658                  
  ≤4                                                           8         1 (12.5%)    
  4\~8                                                         237       64 (27.0%)   
  ≥8                                                           52        14 (26.9%)   

@: grouped by whether anemia, male normal 120g/L, female normal 110g/L; &: grouped by median

###### 

Multivariate logistic analyses of predictors for pCR

  Variable                                      HR (95%CI)            p value
  --------------------------------------------- --------------------- ---------
  **CEA** (CEA≤5.33ng/ml vs. CEA\>5.33 ng/ml)   3.434 (1.897-6.215)   \<0.001
  **Clinical T stage** (cT1-3 vs.cT4)           1.808 (1.056-3.095    0.031

HR: hazard ratio; CI: confidence interval

[^1]: ^\*^: these authors contributed equally to this work.

[^2]: Competing Interests: The authors have declared that no competing interest exists.
